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(57)Abstract: 

PROBLEM TO BE SOLVED: To integrate refractive 
index guide type semiconductor lasers varying in 
oscillation wavelengths and to form a semiconductor 
laser array by disposing a first laser element part which 
exists on a substrate and releases a laser beam of a first 
wavelength and a second laser element part which exists 
in parallel therewith and releases a different wavelength. f§'a§£ — -® 
SOLUTION: The active layer 214 of the laser element *** 
part 240 of a wavelength 780 nm is formed of a MQW 
structure consisting of Ga0.9AI0.1 As well layers and 
Ga0.65AI0.35As barrier layers and the active layer 224 of 
the laser element part 241 of a wavelength 650 nm is 
formed of an MQW structure consisting of InO.5GaO.5P 
well layers and In0.5(Ga0.5AI0.5)0.5P barrier layers. 
Refractive index steps are formed in a transverse 
direction by the combination of third clad layers 21 8 t 228 
processed to a projecting stripe shape and a GaAs 
current blocking layer 231, by which the laser element 
parts 240, 241 are formed as a refractive index guide 

laser. The laser element parts 240, 241 are respectively applied to CD disks and DVD disks and 
are used as LDs of optically integrated units. 




I — —— «— — '■«' ' ■ ■ ■ ■- > 

LEGAL STATUS 

[Date of request for examination] 06.06.2001 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 



httn://www1 9indl.iDO.eo.iD/PA1 /result/detail/main/wAAAEtaiE5DA41 201 141 7P1 .htm 03/07/1 6 



Searching PAJ . 2/2 ^—V 



[Number of appeal against examiner's decision 
of rejection] 

[Date f r questing appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http-//www1 9.iDdljpo.Ro.jp/PA1 /result/detail/main/wAAAEtaiE5DA41 201 1 41 7P1 .htm 03/07/1 6 



(19) B#H4*HFfi* (JP) 



& m ^ & *R (a) 



(51) IntCl.' 
G 1 1 B 7/125 



OJMfaif 



(lOttfttun&M&f 

#ffl2000- 11417 
(P2000-11417A) 

(43) &Pi B ¥J«12¥ 1 J?14 B (2000. 1 . 14) 



F I 

G 1 1 B 7/125 



T-?3-K(##) 
A 5D1 1 9 



(21)ttiH#^ 



(22)ffilSB 



1*^10-181068 

spj«10*p 6 26 B (1998. 6. 26) 



(7DWEA 000003078 

jnjR/ii«m^K»; i wr72#jft 

(72)$EIQ# F*3 — fitf 

»3S;ii»;ii«nfr#K«!J'i"r72S«i 

(72)I89!# Sfc — J* 

M^iiK^*WPK«faH 1,l, r33 **** 

(74)ftSA 100064285 

#m± -» (fl-3*) 



(54) iMMItk— ifrwittftciBt*** 

KB 

(57) [Sffi] 

iF*cD«a*«. **«p-=*k juk^7»^ 

X * <£>R ») * &-®imic*«)-C 1 v 7±<D P D T* 




* 



> 



[|f*«l] GaAslKt 
Sf§l©lx— ifjR^gBfc, 

aMB*K±fcRtt £ftmlE!g 1 ©ifcBlfcfctfl&S^ 2 © 
ifcg©V— tf^fcrniE^ 1 OtftS©l/— -If^fcftTff*: 

*ir?i{cjKm-rs^2©u— irm^ffit, £<i3-> 

huESB 1 © !f SR^atttx InGaAlPil^7'y 

h-lt, buES K«©±l3i9:lte>nfeffitt)S 

FJgi:, SHE* 1 * 5 y K»©±lc|S;{t ^.nfcrSttJS 
Bti!3«itB©±^W;«t^tlfcInGaAlP^2^ 

mria«3 i © u— tf *?»©«!»* i>7=>v vmamm 

2 ] buEsB l ©v— tfJ^SCWBuErSISJIfciu 
AlGaAsUt^ 

fiDES 2 © U-1fSB?g&©i!ua3ra*4JlfciU I n G a P)l 

Wo 

[a»#*H 3 ] ffiflB$ 1 ©l/— !f JR^OhUBSB 2 ©* 5 
-> Klfc, buI3SI 2 © V— +f#!^a5©iwf3sf§ 2 © £ 5 v 

ftfEtt 1 © U— tf jK7-SB©buE 'J v b 5 4 7"©JI 
JPfc ftiES 2 © l/-1f J*?aJ©aMB U * b 7 
©JgPfcfcJu B&|5]-T*&tK 

gIIB!8 1©V— 1f*?»©fiwE'J b^f 7t.m 

mm 2 © u— tf m^(omm u » b 5 -r rt^ v^ 
-rn*>^©i^{B!i* 5 s^i?a-it»^ «t &*«>ii**vtv<>a c 

h&^fc-rsWsfcil 1 *fctt2£83tt© i MW*l'— 9* 

1 y*fttttBi-*JS 1 ©u— tf*T-s&^ 

ffiJfiJ&HLtCRI* £ ft BuEffc 1 ©&« h fctUft S ff§ 2 © 
ifcH© V — tf # & itiiElfS 1 ©iffiS© Is —9 ft k. BS¥ff 
*(6ltcfflttB-rs^2©U— tf^SBi^ 

1/ —If 7 U"f ©SSiS^tST- o X , 

G a A s a«e©iffl©-gBlCflu83^ 1 © !f JR^fflfc 
#lJ5R-f3S&l©*7S> Kff&lSttJI2:fB2©*?« >*■ 
©^^l/^D«3gSr^J5S;1-5Xgi:, 
hu83 G a A s £tR©£H©flfa©— 8PK iwEsg 2 © V— tf 
*^S5**MM-4S&1©*5* FJBfcfiHSJffc*2©» 
5 9 H®©y7';i"N7 1 D«jg&^fi£-f5xgi:, 
buE$ 1©U— tf ^ ?SC© 8513^2©^ 5 >y HJItmiE 
^2©l/— ifl^ ; ?^©Hu83^2©^^ >v KJB£:£|b]R#£ 
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SJfcx.f^V^bT, 1f©*tffi*[Rl^»&^fe^ b^ 

W r&^ft-eftJ&JSfc-f sifl^ 
mi83f§ 1 © U— 9* ^^SUfcluE^ 2 © U— tf &7-8BfcS 

ftTHM 1 ©V— tff£^g&£Biif3Sf§ 2©l^-1f3t : ?£l5£:© 

70 [WjRIM 5 ] iiuEffl 1 ©ifcil«:> i«E& 2 ©jfcEl «t t) *> 

mif3^ 1 ©l/— tfsR^gPOMfBy^^oSJjg&J^JER 
■ri.xS^i^ «ffi*2©l/— tf*?^©iII3^^i"N7 l 

i: f 4 4 83«© U — tf T U -f ©SSjS*^. 

^ 1 ©iKft©V-1f* fcP&spfT «t*l^fc:S(tBt-5S 2© 

buI3^ 1 ©*ft© U— tf3t©5 -fc-e^SBfc^TKW? 
fvTMo ife^ 1 ©M t) TfcfcHuiB^ 2 ©«?g© U— tf %V> 
a *>T-^gB£^TSW2ftTgiofcg5 2©^ *) ftt * 

^l©^©V-if^Sr*mi-5^1©V 
—^f^7gPi:^ 

SufB^ 1 ©iftft 5 f& 2 o«S©W— If Jtft buE 

|g 1 ©ifcR©l/— tf^tnSW ^^IqJt^tii-r^^ 2 © 

BuE^ 1 ©$11© u— tfMs©-5 *"C^*C*v^TKW * 
ntHofei 1 (DM t) 1 ©0#r£iJgT-[!#T£H2\ 
huE^ 2 ©gfS© l/-1f*© o *>T-^g&K:fcV\T H»t§ 
ntlofei 2 OR 5 3tS«IE» 1 ©®#T£lJ«i:l±i5fc 

BlJ83^^^fi9!t i o t 0«t * *vfe buE^ 1 ©H *) Jffi t BU 
E^ 2 ©K t) Jfci: «rBS[al-©^ttlffiefc:*>V>T^H3-*-5 

40 [W*JB8] ^l©i6ft©U— if^&^ttS-rsHlCW 

huE^ l©$fti:ttS'&:5^2©«[S©U— -tf^SHuE 
^ 1 ©$g©V— tf3fc fcBSW5:*[^t:|KtH1-?>® 2 © 
Lz-if^SPfcx 

ntsots i ©m t) >t^Hit-sm i (D&tti^mts 

BUE^ 2 ©gEfi© V— tf^©^ t-T'^gPtCtj^TSW ^ 
tiT^ofc^ 2©M t) #£&HiTJ-am 2©&UmS!i:> 

50 [fS#JS9] ^l©$fi©U-if*SS(tB-rS^l©U 
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assess 2 ©jfc§i©u— tfMs©$ ■fe-efl.sjcfcwtfijt* 

tiTMofe^ 2 ©K 5 #£iiuf3lf§ 1 ©EUffftiefcttRft 
BuHB^^RK ioTBtf^nf; mitBfS 1 ©K ») % 
*M33fe5^ RC «toT H#r S ft fc SufBSfl 2 ©K »> * 

[W 1 0 ] buBBSS 1 ©t&ffi^Rfcmif3Sf£ 2 ©tfcttl^ 

Rfc{±^ ^-©a^c^^nfe^c^^hy-f^- 

— F © o © V -> "f *l A> T* £ C t: S^SS ^ t* 6 S» 8 
* tz \t 9 tc g3«©*iR» 

[WsRJll 1] tB3©$fcR©l'— »f3fc£fiWH-fS&3© 
V— tf f8T-Si£ £ t> izffiZ tz z i: ^ £ 6 
~ 1 0 (D^-Ttiifi 1 otcgg«{©*M«J-- v K 

[ifsRiS l 2 ] iitigafS 1 © L' — if ^^PSB £ mi f3^ 2<ov 

jzffimisXtii2,zt*Ffmt-f2 > ffi$.m6~i o©^ 

-Tilt* 1 oC|3«8©3fc*«^- v K 
[I*5f?il 1 3 ] BuISt-— tf 7l"f Jix ttsRH 1 ~W*W 
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[ffifsRigl 4] ±ffl±£'i>&< ttfco ©1811315 

mJi3b— «f TV <f limJl3'> U 3 >*«©mJl3K!M©T0Jl 
©±S©±fc:fc^-t, BlJiB^l©^©^— tf^tmliB 
SB 2 ©jfcS© l/— If fttifit n-etvmiH3©MgP©ffl!lffiC 

HtfiB^ 2 ©$ft© V— if#&Bu§3*1K©mJ§3£ffl£*rb 

ts§ffiia±^ krw-t ssit^Ege^w-r s &© t bt 

loCB«©3feiMI.3.= * K 
3 d i: h "T 6 «#JH 7Sfeli9t: I3«J©*«« a 
[IfsRlH 1 6 ] miBBsB 1 ©Stfttt, 7 8 0 nm^Wik 

U 

fliTCBft 2 ©$[*», 6 3 5 nnu 6 5 0nmStf6 8 5 
nm©^rftA»£*<hfc1-S-fc£4*S£^1~&if5l< J 36 

~ 1 5©^-r*i*> 1 o£E3«K©#iH*3--y ho 

[it *w 1 7 ] mxm 6 * t(i 8 t't3«©*«* j-- » 
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ftTKo tz%H<Z>M*>yt : &%Z 1 ©SI^JKT-(Hl*f ^-lix 
milBSg 2 ©Sfcft© U— tf*©0 ^-e^SSt^TSW:* 

ftTHo fell 2 ©R >>3fe«ffilffi£ 1 ©@*f£ijKi:fci:#S& 

2 ©HSf^JKT-dl^f ^-a-S^^Sfcv 
& ffli ^. tz z £ * 4$flk £ T Z * tr >y ^ 7- -y t*. 
[WsRJHl 8] it96~l 6©v^■r^^* 1 l■^C83«^ffl 

mmytMm^-v v nzmmm 1 ®^s©i^ 

— tf )fc * fc ttmiiB^ 2 © b — If % bt Jfc5* -f 7. >? 
10 icRiitU fiOBulB^-f X 2 titzfttemB 

SrfiS^. fe C i: f 3 * K f * T v 7". 

[IS^JS 1 9] lf*H 17ifcttl8 tS3«8©*tr«v * 

t * «s tz z. t t -r z ft? 4 x ^ mmrnm.* 

[0 0 0 1] 

D-Ri:©S^^^^4^£SS^bfcDVDi>X5 1 A^CfflV^T^? 
[0 0 0 2] 

[&3fe©ttfl5] )tr^X^ • J'^AfciU d^STJ^cS* 
©t 1 — ^SiB^T-g^fctotx J!£<^ffl^b^nTVSo 
DVD (Digital Versatile Disc) i'^Attx 
30 &Httt©A— tT— > ROM, RAM^tif©^©^^^ 

Ai: it, ^e©i^fflYb* J ^{cit*!)e.n-r^5o 

ftr-i ^i'tbtti, t^^e>CD (compact disc) ^> 
^T^AfcSWiC D — R (compact disc-recordable) 
->*^A#l£<^&b-C:fc»3, DVD->^tM, CD 
^X7 1 Ai:©SiH4*«•r■SCli:* s ^*bV^ <) -fftfr 
*>, DVD->^rAll CD^CD-ROr-f^i'W 

bT * 7 s - ^ ©si^ai ^ nsfif § 5 <t a k 

[0 0 0 3] intC^r-fXi' • '>^7 i At^^V^T 

40 fct, x-f^^±{-f3@$nfe««©^aib 

SrtTOfctot:, i£ag{£U— if (laser diode : LD) & 

[0 0 0 4] 02 6H\ «e*fflDVD->7fA©)tfc:v 
>7Tv7£ bt*llg^^^TV^5^)©©WSe<]^c«fiKS:* 

CDOf-f ^^(C^bTS^14!£*-rst»©t*fe')x D 
VDfflCD»i-'vH0 1i:v CDSlfCD-Rffl 
ffl3yjM»-3--y h 1 0 2 £*mirZ> 0 

[0005] DVDffl*«ta->v h i o ia>e>iMr£ 
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XA10 3£3ISIU «ftb>X10 4, &.*>±\fl? 
-10 5, mSMVl&1fc 5106, Mtll/>X107S 
mmisTftrJ X* 1 0 9t^-f5. CDffl©ft 
^gj.- y b 1 0 2*^ttS»r^n5^7 8 0 nm©lx 
— yftfcfc, 7iJXA 1 0 3tC<t>)SSt^nfe«, DVD 
ffl©6 5 Onml/- »ffti:ti«J|H]bftE&£fci; !?, CD 

[0 0 0 6] -5?, 7^;^*>«3©B3!)ftfc*, BtixEi:(i 

®.<D!fcffi*tz£iX, ^jveJxDVDfflflfcfcfcCDffl© 
3tiia^'yM0 1, 1 0 2CK. IS, 10 

CDfflf-f^^ 1 0 8 tDVD-ROMfflr-TXi' 1 0 
9J:tH:»l/>Xl 0 7 lc<fc£;*/tW MM Xtt'i>b 
#|&S©T-i£ft3I*,Rt£i&*> 1 0 6&£tCfc!3*J5!jlftNA 

(numerical aperture) £g5&TV>l>o 

[0 0 0 7] COidfcftt^ ^7*^ Xfci&bJx 

•S#£#©ftj|*.3.-y hlZ-o^TWtWtZo 02 7i±, 
^©ftJil*^--* bcDWSiW^J5K«:mi-^l«a^@ 
■ttS.AjBK^HOl, 10 2li, ^fA13 
8 t*<D±lzmtt btlfet- M>>^ 14 1 h&m? 

^rAl 3 8 tfi, 3f«0»«SfT5&»©U-H » 

i o 9* j jga:gBg?nTv^c Sfc, t— h-»^i4 

lfct, |ffi&h^D§?M5^*©&#&W^£<fc£^£^ 

^©±tc, LDf'vXl 3 5 htfcffiffl P D (photodiod 
e) 1 3 6ftl$>\ft>tlX^Z>, LDff713 5 

©WHflSCtt, €^fflPD13 7*!Sl^ LD© 
ftffi*j£ y J - rV1 >y jrlM-e g 3 «fc a C SftTV> £. 

[0 0 0 8] in^.©±^t-tt, H^b&V'** 

P^^A^^iatt^HTVASo 0 2 7 £431 

tt* ^ A £t ±ffl * V Xtt« B& b fco 

[0 0 0 9] LDf>v XI 3 5i^^Ep-t-0^Ufc^lRl 50 
CtHWbfcfttt, 02 6tCj!5j&Lfc«fc3&HI®£fc£-3 

AT'l§l#TSftT, £WT-0^b£<fc?£^— t&tBfflP 
D 1 3 6 CAWtSo PDIt 5* 4 ;**±-C©ft©7* 
— * ^ 43 <fc V I- 5 * 3r > ^ 7 — £ til f 5 » £ V ■> < 
oA>©ffiJ^iC^S!l^n - rv>S. "r^Ts^t^m, 

t,?nn&, #so£nfc^©Aitftst;:iS££b3© 

flMtfltt jKSSWJ te-fX- LX-BtfiHi&lj «t -5 C ? 

[0 0 10] 

[38W* s 8¥&b.£5fcit-?>ffil®] U'U -©<fc-5&t£ 

*©^t:>y^T^rtt, ®}&&mmx-&t). >mm&it 
wmnx tb t> , ifflixfi & jBjfe & 5 i: v > Rgja£ ^ b 

-tv^„ ;:ft£©P^M£ov^J2rFCi&B.B-r5. 

[0 0 1 1 ] *f, 026»bfe<to^*©3l6Kf 
*3»yXO\ 2<I©il&£ft**-3.-* b 1 0 1, 10 50 
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2A>£©ft£-vfc©ftfffi£^JEK-r3'.&®a s fc3. dft 
{±, 1 5; ^ 7 y 7ffl*ttC»t 3 L D tiiit*0iS©f 

y-f ^D-f V* • XUXA 1 0 S^ifC^gPfia* 5 

-i>Si;$ix, fltm* J ffli«l, mo*SMbU ffi&xgfcjg 

$tfC * 5 £ t * £ W& *> iSffi £ ft 5 1 V % a P^SAife -3 

[0 0 12] t£3lS©ftt:<y^T>yX«:, 2<@©#t 

M»-'ni0 1, 1 0 2§*t-Sfc»lC, ft 

w©na5xe* J 'i:>ST*$)»), ia^g©AS5^*){STb 

*»<s>©[5]#Tft) ©{SHffiS (X, Y, 0) {CfcfiJbt^g 

43 DVDTliLD-PDHt-+5^m, 
±0. 5° ©^BfttCifc-SC: bV^o LDftWft 

•y h F*3©P D h L D t©ffl^4«* J ±IB©8 ! l : ^«SfflT*'5: 

A s 2^-dScr^TV'»Sfc*i)t 2f@©LD^O t 2{@©P D^ 

•r•©^aM^iB^tJSA J v^■r^^^)^-^^ci^v^-^:* ^ ^sc*t 

r s» ymfriLXA S^©®T A 1 ^^ 55: P^M t ft o T v \ 
[0 0 13] ft^«^.->^ ^A J 2^•8lJ^^^TV^S 

t&fc^-rfct, • mSiib&!&m<Dikfcxibz>o b*» 

U 02 6t^bfc«t^^*©^jiT*(±, C©«t^fe 

/jxs • umibi£mv>xmwx-&-otzo 
[0014] xmm. ^A^^ics^t^^nfet*© 

I/— tf 7" V -f ^^©^jS^ffiSSIW-r ?> t 

tc, z.cDx.sttzmfci'— yzm^xnmx-zz'mx- 

^ ^ iEi&^*a«-r S C £ K & Z> . 

[0 0 15] 

e>n^ 1 ©^©i'— tfft*»mTsm 1 ©u-if«? 

g(5^ N miIsa«±^iait?>nB5l3^1©«SfcttM'&:S 
^ 2 ©^g© V— If ft &Htii3^ 1 ©iKS© l' — i^ft t ng 
¥fT&#lSK-;G!ttB - *"£S82©l-'— • 9*lST-a5i:, &CI3^., 
Bug3^1©U— *f3R?SPtt> I nGaAlP$1^79 
F«h, HuI3^1^^^KJB©±tiS;tte>ttfc«<4Ji 
i:, Hu!3»ttS©±^aS;it?>nfeInGaAlP^2^ 
7>yKIJ:^U mja3^2©^— tf^^SBtt, InG 
aAlPfl^^yHIJ:, mii3^ 1 ^ 5 >v KP©±C 
!5lt5»nfcrSttSi:> Hug3SttJi©±t89;Jtf»nfe I n 
GaAlP«2^7'yHli:^U buBB^I©!^— 9* 

^^©triiB^ 2 ^ ^ >y Ymomw-h, m%^2(Dv- 
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ttJBtt. AlGaAsim, BU33^2CDU— tfjR? 
«©«fBSfflBtt* InGaPjift$tr^i:ft«f«4:"r 

[0 0 17] huI3^ 1©U- tf ^^gBCmiiB^ 2 

df-\* 'JT&JK* S 3 x 1 0 n cm" 3 WTtfe5Ct^a 

[0 0 18] itiliBsg 1CDU— • iffft^gPCmiBB^ 2 

©^yh'Jii^ bu!3^2©1'— ^^©3513^2© 

^•vK/ifctu v^ft&i/-if©#ffi#ra£teofc'j * 

S^btx b^-r tu mfilBl if38?8P©BufB 

? s?#u h ^ ynmrntm^ 2 © u— if i^sp© 

huIcj U * h v :7©JiJPi: i±, BSIsl— "C-fe !) > hu 
I3SS 1 ©W— irm? 8P©buHB 'J * i^:* h 5 -f h5S3 
tf§2©b— tff^gpciiuiB'J h^-T wf 

n4)-e©iHH!l* s S^PI-ihJgC<t t>*I#>&**iT^5 £ i: 

[0 0 19] ifflflBMf l©^*fcmig3^2©«Si: 
<D¥-i%m*X£ A/2£fefcJ:A/4©JBJP£ 
^3i8S#£fctt#&{*©i$!K* J HU§3^ 1 ©V— 
? gp©«iSi:?!uI3SB 2 <DV— if ^^©iiSfflfct *tl* 

timmzuxtezz £&&&.£?&<, 

[0 0 2 0] — *»W©*»»V— ifTW©Sij§ 

®[S©W— •tf^&atti-rs^l©^— -tf^^gBhx hu8B 
Sfchtcgglj- kftitiifBsB 1 ©«{*i:(iM^S^ 2 ©?Sfi 

<Dv-y%,zmmm 1 ©^©p-if^fcitew&^ipi 

{CjKHS-rS^2©V— ifffl^SPfc, v — 

IfTW ©SSjI^iST-fcoTv GaAsS1£©±H©— 

oucAMBft i <Dis-+rm?ffl*mf$.ir2 > m 1 ©*^ * v 

m fctSffiH £M 2 © ^ -5 >y KSO^T'-'l'^^ofiljgS:^ 
5 x*I N MI3GaAsatS©i@©flb©— SPI-hu 
BBSS 2 ©I'— tf^T-gB^MfiK-rs^l©^^^ HJS^rS 

ig i: , ituBBSg 1 © W — if f^gP©iiuS3ig 2 © ^ 5 * F 
Hi:HuB3^2©U— ifm?gP©mlH3^2©^^>y Kilt 
fclfp^jgiRctyT-^bT, l/-if©tt!6*[qI(-?&-p 

fcx h7-f /fe^n^nMiaistv mif3^i©i/ 

— if^^gPtmifB^ 2 ©l— +f^gP{cSmPflih«S|Bl 
B#{c^jEfi1-5xgt, mSHieou— iflS^SPtmrSB^ 
2 © U— ifllS? SB t OlBtCfttt&Xftr'*' 3 tztiXDmtt 

mm*B®.irz>T.m£. *ffiz-tzz£%<&m£i-z* 

[0 0 2 1] CCT% huBBSII ©StJIfciU buI3^2©« 
S<tt)*)S<> mJgB^l©^— If^SBOmiSBy^'N 
7=-o«3g^f^t--Sxgtt, mig3gS2©l/— if 31^95© 
HfUBy^^D^^^^-t-SXg,}; !) 4>$fc£^SS£ 
tlZZ £*&&.£■? Zo 

[0 0 2 2] *fe x 1513^1©^— if^?SP©SuH3^2 
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— ^> h©?ftg*s3 x 1 0 17 cm^tlTT-fc 

[0 0 2 3] suiBX Y^-i7**:t\?tlB!$.-rz 

StilBxgtt, (ijgB^ lOU— if«?aJi:HU§3^2©V— 
1fjg^gB©^n j etitCa9:We.nfc^f b 
£ t? AMBXfts <y ^ > y * HJIS-r * 18 £^ tr - £ 

®.£-rz>o 

[0 0 2 4] huBB^ 1 ©«t«{±> 7 8 0nmS* 

i0 /t»i:Ux mif3^2©^SIi, 6 3 5 nm£fc{±6 5 0 n 

m £ i: f 2> c £ £ ir 5 . 
[0 0 2 5] *^©^*«J.r: b tt N 1 © 

$fcg©l^— if^SrfifHl-rs^ 1 ©V— if^^SBt, bu§3 
^1 ©««i:(±M^S^2©^©^— if^^SulB^ 1 
©«Eft © 1/ -If 3fc i: »S¥f f tt ys fa iz WL m f S ^ 2 © - 
•if^gPi:^ miI3^ 1©?KS©^— if^©^*.T-^gBC 

is^rKmzhxm^tzm 1 ©s ?) * £ bu§bs& 2 ©^s 

©I/— !f#©-5 *>T-^gi5t-*5V>TSW^*XTMo fe^ 2 

©HiJ^fc^tb^-smtH^iafcx *ffixtzz£*&®. 

20 £-TZo 

[0 0 2 6] *ftW<Dftmfe3.-v ^ 1 

©St*©l/— tf^^MtB-^-5^ l©b— tf^^SPi:, bu 
13^ 1 (DM £ ttUft S ^ 2 ©«ft© -If 96 & miiBfg 

i ©«[«© lx-if^tB&ipff ^^isit3i!tm-r s^i 2 ©v 

— if^^gpts itfifBtfS l©^a©l^-1f^©p%T-M-gP 

mt-mffiZ-V. H(ii3^2©i6SfflU— if)fe©o*)T-^gP 
izH^xS-M^tiXM^tzm 2 com*) miiB® 1 ©El 
Jr^JS £ fctHfc -5^2 ©tH#r^JST-[i]«f ^ * £ 
JO a, mliB^^etciioTiaSf^nfcBufB^ icon*) % 

£mv% 2 ©m ^ %£^m-<»fa)&&wK.^xm& 
i-^m^m£. *mz.tzz\£*tm£-?z>. 

[0 0 2 7] *fe(±^ *^©^*«J-=-y Mi, ^1 
©iSft©^— if^^^ffl-rs^ 1©U— If^gPi:, bu 
13^ 1 ©^fc«iM5&S^ 2 ©«?g© U-if >fci&milB^ 

1 ©?^ft© U—ify6£tt&¥-ft-&J3fafcMitii-fZ>m 2<DU 
— IfSS^gPi^ HuI3^1©^S©U— if*©P*>t-^gP 

^c*5v^•csi^^^^TMofc^ i ©Mt) #£#tt±s-rssg 1 

©^HJ^m^x HtlSB^2©iKft©l/— if*©^*.t*^gP 

40 {cijv>TSihf$nTM-3fe^2©Mi)7fc*^m-rs^2 

[0 0 2 8] £fcfct, *^©**«J.->V btt, ^ 1 
©j£ft©U— if^*fi!ct±5-r5^ 1©U— if^?gPfc> S3 
BBSS 1 ©«[fti:ttM*: 2 ©MS© if ^^BuiB^ 
1 ©Sift© U— if ?t iiB&W&^lSll-jKffit-S^ 2 © 
— if^^gPh^ mfSB^ l©«ft©l/— if^©^*.T-^SP 
H*5l>tS*f^tlTRofe^ 1 ©M t) 1 ©@iff^ 

JKT-E)*f^^ HuiBSS 2 ©««©!✓— if3fe©^*>T-^a5 
^c*3V^TSl^^^^•tMofe^ 2©Mt> 3fc^Hai3^ 1 ©El 
50 #f^«i:ttM^2>^2©|5i#f^jS-C-lH]«f^-B-S)fe^lS! 
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IfrZHtzmtzm 2©BI *)%,*WitiiirZ>m 2 <D&Bi^® 

[0029] zzt\ mmmi<D^m^mtmdm2(D 
[0 0 3 0] ttz, ms(D$igi<Dis—v t ytzfit.tii-rzm 

[0 0 3 1] ££u m&mi<Dl'— 1f^^gPi:HuI3^2 70 
[0 0 3 2] WBl/— if^HM:, W5RJ11~W 

[0 0 3 3] £fc> £ffl±£'J>& < i:fctti:o©{£itgfl 

ttmig3i> U n >»«©jiilg3g!g©T<H!l©£a©±K43V'» 
t, mJB3S& 1©»*©U— 1f^i:HljB3^2©?SfifflU'— 

3£vr>>h£ftx b583©HSP©b583<H!I®H:, bu!3^ 1 
©fcg© W — tf # £ iiulBgl 2 ©$ft© — If miI3S 
t6©S5l3±Bt:*fbTi&Sffl±*tSit1"SSI^SP^ 
£ * f £ © b T fltBE;* ftfc £ i: £ <KfS£ £ ~? £ . 

[0034] Htraa*^*«tt» *d^as!s^£ 

8 0 nmSifibkU 2 ©««it, 6 3 5 nm, 

6 5 0 nm&t>*6 8 5 nm©V<-f tv*»£tt"l>i:1-£ ^ t. 

[0 0 3 5] — #»^t; , ^7'y7'tt, BuxE© 5(7 
3fc*»3.= v h fltiSBm 1©^*©^— !f#©-5*>-e 
M-gP^^V^THIhf^tiTKofe^ 1 ©K t> 1 ©0 

ST^jKT-[5i#T;*-e\ miH3^2©?sft©i^-if3te©a*.T- 

ftmz&^TRmztiTm-ifcm 2 ©K t) #£i!383!fi 1 
©m^jehtiM'fc-S^ 2 ©Mr^ST-dm;*-^*?: 

[0 0 3 6] ^Mffl^t'^y-y^^ miifi 

S mi!3!f§ 1 ©$ft© \y -If # * & ttmiSBSB 2 © U— tf ifc 

t±RMzntz%*muft%M3-=- v htm < x^&h. 

[0 0 3 7] —75-, ^^©^•-fX-J'IBIi&^gfciU bu 

se© v > m a* © % t: * * t v y * n 1 3 t £f$$t t -r 

o 

[0 0 3 8] 

[S8BB©lt;9fi©J&&] *fSWti*vKx ^©fltfifc&W 

-rs^ftsj©^** w— tf t 1/ -f &v*©H£:*ri£& 
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[0039] fiiToiMrctt* *^w©^tr^^ 

*fBW©- ! l t «ftV'— !f7l"f ^©SijiTJiS^owTlJi 

[0 0 4 0] JWT\ 0ffl*#^boo*^ffl3IJtS©^ 

©3t^sai-«i^fiS;ET-feSo ^wac^-ci*, 

D VDffl©Stfi6 5 0 nm£fc{±6 3 5 nm©lx— if>t 
tCDffl©?gE57 8 0 nm©V— if* t(±PJ-©^*« 

a^9H li»e>HiSt*ttSo cin^©^— tf*^ ^ 

U^-h • W>X1 4, 5:*,±»f 55-1 5, iSfiMIR 
i&t)16, ^^^g!l^>X17S^bT^ ^n^^ CDf 
-f^^ 1 8ifettDVDr-f^^ 1 9fci§-r5o 
[0 0 4 1] 3ijy-h-U>X14li, LDMi* 
-rsfcto©Ol^>XT% ^©NAttjil^ttO . 1~0. 

[0 0 4 2] #3giE©# t ypyy 2 6 {c^J^ b 

[0 0 4 3] 02 (a) (b) tt, *%W©3t^«^= 
fh©*^^©^J5ic^ Sit- ISfcH^ T- fe S o H «f T- 
T'^bfcas^^*^--^ h 1 lT-feSo *»*-3-- 
>v M lttx LD 3 1 hiffifflPD3 5 t^^-TS. ^ 
IhJISI (a) {3*JV>T(±s hitft^ 
IS3 3t)WbTV^S. LD31tt, 6 5 0nmt780 
nm© 2f«g©i&ft©l'— ■tfJfcSrSiitti-rS. 

[0 0 4 4] ^fS3 3(i, LDA^©HlW3tettSii 
U ^-Y^^A^OMtJ^Sr^ttifflPD 3 5©S*fttB 
lc|5]fT$-B-S. C©«td«:^¥li5!3 3i:b"C{±. fti* 

^A^^$:fflv^fe^mi:b•rli, *©(i*«^{c:«c^ 

b&^ mnyt&j *©{i*«^(i«c#t-?> f{i* 

%kj tifi&Z. r^flijfc»j ©©-&{;«, #«**n^ 
^Aig^&fflvxs, — #v rfi^^j ©jg-g-ttt, 1/ 

i:^«tt)> *tr— A©(i*^isiA J 9 o° fphg-rs©-?, 

f§5, o£tK f±a^*&*«)4 0%?£<*T*ii5«)5C 
0%HT-;&3. 

[0 0 4 5] Iffli^ft^fSS 3-T&fr*>*D^7 
A^^tt^ 02 (a) CgLfcJ;^**^-'^ 
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1 1 t~i£tzmttXb8.<, *fcfc^ 02 (b) 

n V y — h • u >X 1 4 £:£-£±l:f5 7-15fc 
©IS-Sn £*>±l:f 5 5—1 5 l 6 fc©d3, fcsv^ 
fcUfc!) 1 6i:»l/>Xl 7 tcDH^iftlSltTfeS 

^SrUltfcJl^^^Jtc^ffC^-rs. ®*© 
fc&tc:, l/4i6*tS^«iiiSLfc^(cov>TKiB^-r 

[0 0 4 6] &ftmte#^Tm^Z z t&x-g y 

[0 0 4 7] JWBfflPD 3 5ti\ «fcBj«-r*J:5fc« 

£o B^U&PJK^TtiU 7 8 0 nml/- if^sb 6 5 
0nml/-1f)tt), ©tftHifflPD 3 
[0 0 4 8] LD 3 liP&SOBSilfcU — t^fct, *P 

S t bTM« U >X 1 7 CAS* 

3 3T0*f^n. ttfflfflPD35CA»t*. 
[0 0 4 9] *$&W<D?tmm^~ V h 1 1 ©ffcffl 

cfc^^IelW^T^^-TflJl^EIT-fe leJia (b) it 

I/— 1f3l6©*SSAkUfefiFfcx sin0 = nA/d 
(1) tm^tiZo ZZX\ nligf&T'&tK 
TeI#r<JDlfeftj tW£ft£ 0 H3t*5V^Ttt, 1*©E1 
»r*-fcfe%* n= lCDBI^fCctO^Cfc** r l&@#r 
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[0 0 5 0] 03 (b) S#Iloo*^iCD)t 

Tfct. DVDfflr-f X^t^bTtt«16 5 Onm, C 
D CRVCD-R) fflf-f^^l:»bTli8I7 8 0n 

ft©$ft©#fciU LD 3 l^^Mm^ns. CCtN l 

D3 ni> mzmm-rzzoi^ m^<Dmmx^-n\cm 

5. LD 3 IfrbmMVtzU— *n^A«? 

10 3 3 43SJaL-■r0^L«;V^5 ; 'f ^^{C^-^So LT> 
r^^*?.©g!)m *o^7Aif 3 3£iI3®b 
^©l&7G*M&ffifflPD3 5©J5/r5£{&B£fc£5 

U^ — b • U>X1 4, il^±tf 5.5-1 5&if 

H9£gEBLT:&&<^ nu^— h-i^>xi4 

i:il*»±»f 5 5- 1 5 fc©M-¥\ 5 5-1 5i; 

20 [0 0 5 11 03 (b) CMfvbfciaCx *P^7A 

m?3 3iz£i)m?)ft&mm$tiz&f. mm® (i) 5$ 

A>£>0.Ee>a»fc<fc-5£x 6 5 0nm<tt) 7 8 0nmU-'!f 
^O^**®^**;*:^,, «Eot, 6 5 0nm)t (3 1 
A) ©t:— Aft>/C>{C*fLT7 8 0 nm^fc (3 1 B) If— 
A4>»ki:g3fefflPD 3 5£^ft^tlS*fffl!l£EBU E. 

-Dcn?> ©{a bh« h mm «?© t » ^ £ stfitssesg 

tR-rntis M^ft©7tffl^^5£aT*©*S^BSrlP]- 
(Cf§5. t^ttifflPD 2 4±T-|e)-©{SiM{C 

JO [0 0 5 2] ^W^{»J7?I±, L D tT— ARggEUt* 2 0 
0/zm x 6 5 0 nmbf— Atp'C»3 1 Ai:S>fcfflPD 3 5 
©#»hi:©fS©8E8!£ 8 0 0//m, LDii^D^A^ 
^3 3 i:©KPB^5mmfcUfe®-&{ctt, *oy5A|g 
?3 3©iaiff1&?©*/Jvt:f 5 L &3//mi:-r^^(i^v^. 

fflU *%B^{iC©^©«fiR{C[S^^nSt)©T*tt^ 
<, LDK- A^PHi J f'S3tefflPD 3 5fc©{ftfBB8fi*feir 

[0 0 5 3]flU ©^^©tTf^^, LD31fc§ 
3tfflPD3 5 fc©ffiBBI«iJ5:ifS^W5:«i:-rsfe«) 
40 KB:, LD 3 l©tf— A^<C<3 1 At 3 1 B i:©faH 

li> ffilia^l o~iai o o^mt-rs^^^^st^^x 

S. ^©fctoCtt, «^©LD^>y^S3fe^Tt)^VA„ 
L*>L, mmcDLD?v7'%Z<D£. : 5tjiffl.'btefflmX'3!i 
^.^©tt^T-tt^VN. ^fe, fti-enCLDfi/X® 

^^a.->y htC*l>-r{±^ t>to©LDf 'yXC2i 

m& z ^ tt^enw±© w^s«*fb ufe u— tf 7 u -< 
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[0 0 5 4] &C X SJfcfflPDfcWTS&ra-r*. m4 
(a) ti\ S*fflPD3 5(Z)«»»¥ffiBl7?*S. 

ft*fflPDtt««©««6:*i!isni^Ta 0 «r<© 

■£86. §)tfflPD 3 5®4jMHRJ*3 5 a, 

3 5 b, 3 5 c, 3 5 dHC*5V^T**«*I a, lb, 
Ic, Idtf^DSfc-TS. ££>B#, 
-J£ (Ib + I c) t (I a + Id) ©ffifflHCJ:Otfc 

tti"C*£. £fc> 7sr— #x:t7— «: (Ib+Ic) - 

da+id) ©iEfttbRciDttta-es*. 

3 tr- ass*:/ v > zxz&zv^v^yyx- 

R9B\ Xfttt (Ia + Ib+Ic + Id) 
[0 0 5 5] 04 (b) B\ *D^7^3 3OT@ 

[0 0 5 6] 0 5 tt % ##S^<£>#IW«^- * UMBMB 

j*fcws*-s««*raBrca*. ^^a^**k3 8©± 

(Z><R!lffi£LD3 l#*BB3&4:t;vi>> b£ftTl^o £ 
fes fc— b v>^4 l©±«Ctt N &WfflPD3 5#v^ 
>bSftT^&. St£3 8fciu ;i/tJ:5«l 

b-h^4 11 jN^.t£M (Cu) 
^^>JH (W-Cu) ^fcJ;b«lJ0G*ft£. 
LD 3 l©Sf®flflfc:B\ ^^fflPD 3 7#aStt £*U 
LD 3 liOHlAft^^l/T^-f --P^y^«W7f*a 

j^ksjit^s. *«3 8tci±^ «»§tJt • «s/b y 

J: 5. LD31*PD3 5, 3 7fc*e»fcS:IVC^ 

[0057] B*i/&«fc3fc, 2mm 

1 tf*3 1 A, 3 1B#tHlt*rS. LD3 1 

Sb-h^>?4li:B«t5fe»fcli, cin^cD^tr 

-A^jsrn^to. 5° wTfc&si^icH^f s 

©tfa*U^. ^fflPD3 7lt LD3 1£> 

OTf 1 

[0 0 5 8] LD3 l*&ffi»bfc&K--*tiU B5*b 
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fcPD3 5fc<Z>ffl*Mft« (X, Y, 0) 

BRU<> ±5/zm, ±0. 5° ©«H«K:ftSCf:tfa 

[0 0 5 9] @4&W:^Lfetv0^7Al?3 3B\ 
JO CCDRfcRfflflJPD 3 5fc»bT+^SiffiBII«-e*ir 
y7©±C«fSh*. fib, *Dy7A*?3 3tt, 
HuiEbfe«fc'5t> *-v«yr*6d*iT3y^-h • !✓> 
XI 4cD«*fctt«**^ttW1HU>Xl 7(Z)S5^fc{± 
tttRKbTfeftV^. 

[0 0 6 0] ZZ~C* H5C^bfe*{*Wfc.*V^B:^ 
L D 3 5 liftlntlffl^ t-h*y»4 1 ER* bfc 
i^Slf:, b*U DVDffl©6 5Onm*0fia 

^LT*fc&^b£;£#W^&£o ZCDtz&bl^ LDCD 

[0 0 6 1] i6it CIOJ^&TyXtM K • 

St£5 0£^bT> LD 3 1 1tYV7&4 Y • jTVXD 
W:v»MTV^o S1R5 0i:bTB\ 

^tts^b^e^ffi* s M«FT^^-^^s* b<, 

CD*«4i:bTBU MAHMfbT^-^A (A IN) £ 
^tf 5u^^T'^ 0 Z(Dm&, LD 3 lCDpffllRffifc 

[0 0 6 2] mz, #$&W<D& 3 ©#M*;«Co(r>-rKBIi 

1-£o H7I±. *»ra©*3©**«l&«-r«fcftEIT* 

"Tftfr^ HH (a) It LD3T *»&tH»rr« 

2oc[)tr— A3 1 Ai:3 lB<OBBPB&5 0>um^T-^ja 
^^fc^J^^"To 0 4C^bfcfitfiKi:lt^T2ocotr~ 

Ao»3te^ft^«t3e<ffi*s©7f^rn©tr-A*>ifc 

^Sfik&Dx **fl9t:tt»*bi^ b*U H^b 
&l^X^*»£ CDS *D^7M?3 3ta 
SllI*f^a^ll^i:^Tt£* s ^fe^Jc x ^iHfflPD3 
4<7 5' ©±C43V^r#— ©«i5jiafcttft6^ ?>t^OP 
D;^->T-S*"TSCii:«±SSt^«:So ^^^> BR* 

Ltz^^s a*©PDft»ita^i:#a*b^. 07 

(b) IC(±, H— ©S/U3>«R3 5' ©±C2o©P 
D;^->3 5A > 3 5B£§Sttfc#iJ£Slbfco ^en^ 
h®PD;^->3 5A, 3 5B(t 4o©33fc««a 
^dC^fflSiiTV^o CH— UnvfflR 

50 [ 0 0 6 3 ] El 7 ©fiMTtt, H— © > U 3 >*ffi 3 5 ' 
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CO±\Z 6 5 OnmfflPD 3 5 At 7 8 OnmfflPD 3 5 

tomsB&mtz^Zo %»$)tmmm*mtt, 6 5 0 

nmfcT— A£>^h3 1 At 6 5 0 nmfflPD 3 5 A<D*P 
tbtCDmm&ttil . lmmtfe^ 6 5 0 nmt:-A£> 
fp>&3 1 At7 8 0 nmfflPD 3 5 B<Dfyit\t<Dfflm± 
3 mm, ^D^^A^^ 3 3©tH#r^Og/htr 
^{±#<j3/zm, LD31' ^*Dy7A^?3 3^tD 
HPlix fi5inmT'Mo 

[0 0 6 4] M(:*Dy7W3 3hLD3 1 k£>BE 
&3 1 Ak 3 1 BODV^Tti*) 6 5 0 nmjfdi7 8 0 n 
[0 0 6 5] *^©^4(3D^»WllC"OV>Ti5iW 

So -r&fr^ mm (a) *jsj!o**i«9b 
©sffljfijiftifiia, nasi (b) *<D«tRgB#©4fi:*: 

HSS6 OCtflftlt&n, f©I®l:LD3 1^!)>h 
£*VC^6o €bT, LD 3 1 £ffitt bfc tf— A&, 
IH]£tf6 0 C©«ffl^BJ^^n^^^~M^J;OStJ^n 

^3 asaBauTia^b&v^^ft^bT^-f ^^ic 
3icj;t)iflijf$n> s^6 o®±icis{t&nfc^fflfflp 

D3 5i:A«no K«6 0 2:bTtt* «*K^U3> 

ttr*^>yfcJ;&»«;Sfta (ill) 

t&X'ZZo 

[0 0 6 6] *RWJ^C^^V^Tt)^ LD3 1£t£b#>£: 
rs#S*** «u»b&**#«©ct'5affl«H0RKB 

[0 0 6 7] feU:, *ff«ft#«bo-3*«?li©*«« 
y hStF3fcfc:^^T^^eCot^SiWbfeo f5 
j&bfc&IIWJC^Tli, t>fco©LDf y?#2o 
0ft««t«f*.&»6«)-«l*^bfc. bfrU *«W 

tstitzm^zm^z-tbrgZo zox^temtisX 

DVD-ROMffl6 5 0 nm*i:D VD- 
ROMffl63 5nm#kCD-ROM&tfCD-Rffl7 

8 o nmtt 3 nst&&« bfc l d &$£fcr * - k#t* g 

So ttz, D VD-ROMffl6 5 0nm^kDVD-R 
AMffl6 5 0nra)^ (»§&#fflilsm;*jft) kCD-R 
OM&tfCD-Rffi7 8 0 nm}fe<£>3*iS£iS*bfcL 
D&WfSCktf-CgS. 2£C> D VD— ROMffl 6 
5 0nm*i:CD-ROMMCD-Rffl7 8 0nm)6 
(tt^Wbffl*) hCD-RWCD-RWffl7 8 0n 
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mft <*S&*ffl*Hl;b#) ©3«»fe**bfcLD* 
[0 0 6 8]*t 6 8 5 nmft^CD^fi^©LD£ffi 

[0 0 6 9]«C, *»B8©LD-rat>'6*»»l/'-1f 

08^bfc*^l/— if^WHU [i]-<Z)Ga Asg>f6 2 
J0 1 Oco±tc6 5 0nmk7 8 0 nmtD^ft^no^SIS 
f£lT£&ffig§£l8ttbfc*<2T-££o *«W©# : Ftt> 
H£ & ^ 5 / - 9 &*Jo4f yjV^r P « jg £ ^IMIttt&tK 

>5> C ^ 5 o 

[0 0 7 0] gff^MOCVDtt^k«»a 

iff isMm^wecmttftft^ 

[0 07 1] WT, c<D*$fc*«ffll/-17ri/*IM 

V^T^CO^^^kltKbOO*^0^^©^CoV^ 

[0 0 7 2] B9ti\ *«B8®Rft«lt:*»3b»5«jfi*S 
7 8 0nmt6 5 0 nmCD 2 bT-A^MWfcl'-if 7l/^ 

t6?fcg7 8 0 nmCDU— ifSR^S^ 2 4 1 C£%iB&fi6 

30 twt eiT©*n<^fe«. 

[0 0 7 3] -T* ^iTftOD U— if 2 4 0> 
2 4 1 CiSOTfc, &tR2 1 0£>±C, ng (n-) G 
aAs;W:77JS2 1 U 2 2 1, nSIno.s (Ga 
0.3A10.7) o.sP»1^7^K|2 1 2, 2 2 2, I 
no. 5 (Gao. 5AI0. 5) 0. 5P3fc*f-f 2 2 

3, ^MATXP (multipe quantum well : MQW) rS 
ffiJB2 1 4, 2 2 4, I no. 5 (Gao. 5AI0. 5) 0. 5P 
YM 2 1 5, 2 2 5, p - I no. 5 (Gao. 3A1 
0.7) 0. 5Pt&2^y K12 1 6, 226, p - In 
40 0. sGao.5P^^^>^ hy?M2 1 7, 2 2 7, p 
-Ino.5 (Gao.3Al 0 .7) 0. 5P^ 3 9 5 v ?M 2 1 
8, 2 2 8, p-Ino.5Gao.5P*^^^J12 1 9, 
2 2 9, n-GaAsS®§Jh® 2 3 1, p-GaAs 

ffi66ii^)i2 3 2**c:©iiRt:S0isn , rv>s. 

[0 0 7 4] CZT\ ^ft7 8 0nm®lx-1f^?g|5 2 
4 0C*5V>Ttt, tSffi»2 1 4tt, Gao, 9AI0. lAs 
#p»kGao, 65A 1 0. 35A sWmmt(DMQWm&* 
^T^o »^6 5 0 nmCDU-iffR^S^ 4 1C 

^tlt fSM2 2 4(t Ino. sGao. 5A sftpl 
50 fcl no, 5 (Gao. 5A lo. 5) 0. sPWSif k©MQW«| 
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»!XSft&W3*5v YM2 1 8, 2 2 8tGaAsl 

mm±m 2 3 1 ©ffi^b^-cfts^fsj^jajf^T 1 * r 

jWBfiESft, 2 4 0, 2 4 l fcfcfcJB*r*:*H tf 
* s ^^ntV^^o G a A s BifflltJf 2 3 1 &SSit£ 

jK^n>a@2 3 3, 2 3 4s^i/T-en^ffli:^ffi 

2 3 5tt£4&2 1 0©S@£#®£ffMr£-£#T-£ 10 
60 HuifBLfcJ;-?^ V-1f*?gB2 4 OttCD^-f ^ 
lx-if*?$2 4 lttDVDx^^CJBV* 
^m^o HiftEbfc#*««* h© 

[0 0 7 5] £fc, B9©1/— *f;PW V-lf*? 
gtJ 2 4 OJC&^T I nGaAlP^7<y KJfC*tb 

£fc££tK hJ««« (6 Onm) bfRfl>«« (7 8 0 
nm) <D 2 mm® U fflh1rZ>Zbi)*~eg 20 

[0 0 7 6] #»Ht:±«l/— IfTU-ftiU «r£> jtt* 

[0 0 7 7] ^2 8 (a) tt, KMftflSfc <fc£l£ 1 © 2 
b-Al/-tf:ri/-f©Wffl««&BT»5. l^f-i^ 

751 #«g7 8 0 nm(Dl/--tf«ffi3MJ\ 7 5 2 
#«ft6 5 0nm©U— 1f$8fig6#T?fc&« A? 
ZCDls-VTUJO:, 2««CD*»6l/-1fK— 

^nfew^^^-r^o sffitt-en^tipg§«4Ji7 8 5, 

7 8 3&tfng$4J*7 8 6, 7 8 4£^bT»£*U 2 
o© U — If tt?ft?ftttft£Bft'4~* Zk.tfiTZ%*&5 

C^oti^. ««£jfi&bTv>£^7;i>^n«ji© 

b-AU-lfTU-fHU 02 8 (b) fC7fsb£2o©^ 

«©pffi!M|7 7 6, 7 8 2AVn««IWB7 7 8ft*ffl 
fc«fflb&8k i©«tt2tr-AT?» 

[0 0 7 8] H 2 9 tt. »J®M£ttffi0> 

tf7V-f ©UfffllRBSBI^ftS. HBfcfcWt^ 8 5 
l#«ft7 8 Onmfclz-lflfcJfiSW^aiK 8 5 2# 
«ft6 SOnmClz-lf&lfiS^-efcS. 50 
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tzmf&tmmz, 2 o©*fcsu-ifb— 

^r/;^^ Dflfjg S b&^b**^* ;w&ft 

Jiftffl^Tl^S. b#U ^©Wett* fiEft)ii±"r^T 
pfiC»S**U nffl©»«tt***8 9 8«fSJUAA 
»«cJKflt1-5^4:K:<fcO, ffi S© p nft^AtF:*— 5 * 

[0 0 7 9] b*b&#6, Clft£©ia3Sttfl5©U-1f 

**n*. bfrU B2 8^B2 9©^ftU-1fTb 
-f^lx-tf*?!*, «»£A&ffl»bfc£tt©^fc0 
£ nflj»*«5lj ©V-1Te*»K £©££T-(£±§B© 
B#*»JEbfc^. c©*Rfti*fc1-fc»S:lk u— If 
^ h^>f r^SiafcH^^D^yv^ftJBJJtbfc^to 

»v-tfru^©*v-if*?»fcJB*f*^5Fy^ftfP 

[0 0 8 0] b*>U WBSix&y^i/^nWJtftBi 
^Cj»xb&ltft«ft6a:v^kfr6*«WtaHC: 

*&£pS^kn»<IWftv>rn*«»WK^IKb«j: 
£>©«**&, ftU—tfSR^ftHSf**^ KStt«J* 

bfe i/-tr r w 5 A < SWTT* c fcttHli-e 

[0 0 8 1] tfcJWOBBfcbt^ 
*o i:c:?>* J S2 8©^f*U-if7*U-f ^ «fe*SW£ 

<o*«/^->ft^j«bT*>*»iaH:«t6&v^ -^©fe 

[0 0 8 2] tt±KW!bfcJ:5ttWltt, b-A»*«* 
<&ftttS&G»»i:&*. B2 9©*W*l/-1fyi/ 
-f CoV\T*W»Tf*6. B2 8 !fTU-f 
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turn**), %miz*% v^i/btttuu 

> * $ T ®BE«l* s ^ S < & D jftM < -3 T U * 5 t 

to o 8 3] w±ffifibfe«fc-5c:, a 2 8^02 9 c« 

[0 0 8 4] CftKWLTx V—V7 

T*mm&^&%^'t?>h'tzzt&T*gz>o tot, 

[0 0 8 5] L*»*k \s—V7\/<<<0%m<0W&K9 — 

*5#J;£ft^1-&o 

[0 0 8 6] *«Sra®U— tf7l/>f(DjSlJS*i£^ 

t\ HI OtCTfv-f £o£> nl (n-) GaAsS«2 
1 0<£>±£7 8 0 nml/-1fttfl&£<kS— M<D^\Z#* 
*>*;i/Jf 2 1 lfre>220ftMOCVD (metal-organi 
c chemical vapor deposition : ^^Sfti^SvfBJSSc 
S) ttiCfcD fitt«2 1 4fcLTfck A1G 

33 (p~) >7f KJB©**U*»KB:3 x 1 0 17 (c 

[0 0 8 7] El 1 l£^LfcJ;-5£> fiJcSW©- 

[0 0 8 8] 01 2{C^bfecfc5^> SV3Bffli« 

ftftfTOo JifflWfctt* 6 5 0 nmV-+ff±tg£J;£-- 
S©^t:#^>^;i/JI2 2 1*^ 2 2 9S:M0CVDS 
fc J: ?St$Jf 2 2 4liInGaP/InGa 

fflfc»Kffl^<0J«* i: Htt© ffiK©^ * * > * ft 
StCct 9ftfcfl$j6£bfc7 8 0nml/-1fttt8©xW + 
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[0 0 8 9] 0 1 3£7^L;fc£5^ 6 5 0 nm 

-&fe-£ixH:&^. £©JBx n-GaAsH2 2 0£J; t> 
7 8 0 nmtJ^<0:tlf***>-Wl/JB2 1 l-2 19liR 
I^ixSo ^<2>^ n-GaAsJf2 2 0£5I#*W£I& 
*-rn«AV> 0 W±©x|l«lJ:5, 7 8 0nm^l/-tf 
6 5 0 nm©l/— tf««i:ft|Sl— SS±©B'J^© 

[0 0 9 0] mzm 1 4£^b£cfcd^ »J»r^h7 
^7*ftff^f^o JI&fftMfci:, •en^ft(Z)l/-1fjR J FSU 

Si0 2 ^b7^7'v^^ 2 3 0SMU £xy 
hi^^>^i£ftfflV^*-W^JI2 1 9, 2 2 9&tf 
*3^7*y"H«2 1 8, 2 2 8ft|i]B#^Ji^^>^-r 

2 2 7JT'lbfeh^^±^^CWT^^o 
[0 0 9 1] iCITN ^«>**y:7JB2 1 9, 2 2 9S 

zpm kjs 2 i 8 % 2 2 sti^n^en^v-if^ 

DKfKT^ *y ^ > b v 7M fcM-t 5 J: o tc "T ^ £ 
9, 2 2 9 *)^^^^^^>^^nS(Z)T% 

^gfSCD 1/ - imtttt* 3 ^ v v K Ji life * 5 U ft 

J<? [0 0 9 2] 0 1 5 5C^LfcJ:d{-^ GaAsi 

«tPfljt®2 3 lft^S-T^c RfrWCtt, MOCVDiS 
CiDaSWKftSSaW-i-a. C<Dh^Si02^^^2 

[0 0 9 3] ^tc N mi 6lZ7fiL,tz£o\Cs M&b&frM 
2 3 2S^n 0 R^W^Ii> Si0 2 ^b7^7v 
7^ 2 3 0»^bfci^ MOCVD5£tJt:?)ffl«>a 
^SftJ5ESt~^o 

[0 0 9 4] ifc^> 01 7iC^Ufecta^> ^«»2 3 
40 6ftjf£j$f RIE (reactive ion etc 

hing) ffi£fflv^3S?«fc^^>^1-£* EfoUXli 

[0 0 9 5] 01 8lc^bfci:-5^N 

^n^l/-1f^?gi5^»iCDS1S2 3 3, 2 3 4J&&U 
fel»^ ««2 1 0CDS@ftW^bTP?ft 1 OOAmfi 

Ktbs tta«s2 3 5ft»jsK-ra. *<d'&, s^#ffl 

jRC^T»4 3 0'CCT'&*ft«iaftfTdo fil±»W 
50 L&XgJC^V^Tttx &mm2 3 6©JgJffii:p-S«i2 
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3 3, 2 3 40&M®mft\ZAn&Z.Xt>m\s3l%.tZ 
[0 0 9 6] Z<D£o\Z.LXttf£tStlkt> * 

^-izfrmtZo ^~(Dmmmmi±, u-iro^mmt 

Al 2 0 3 KMlfeo *<Dmfr\±, 6 5 0nmfc78 

1f*£#bT«:2 9. 4%T*&!9, 7 8 0nm^)l/-1f 
m^ttl,X28. $%£im$tl%° ^ti^tKDft^tii 

&<D*frizm}\stzm£?(DmmBLmm±3 0-3 2 %m 

C*f U T « M I d ffi ^ £ d h # t? g £ o 
[0 0 9 7] £fc, *9*^#a**»6fc»fctt* 51 

cix lz (±±13^*5© 1 / 4 & £ VM± 0 - 1 / 2 £>3fc 

** £ u fc 3 ir* a ^mfom * &mmm u r 

AI2O3, SiO x , Ti0 2 , SiN x , fit if 

AI2O3 (A/4#*ft) /SiN x (A/4***) 
/Si Ox (A/4***) /SiN x (A/43fc**) 
/S iOx (A/ 4***) /SiNx (A/4**S) 
/Si O x (A/2 3fc**) Sr^-TtiK, 
hUT> 8 0nmfc*fbTllfi6 6%, 5 0 

[0 0 9 8] ^-tt, U b-b^>>^^ 

^£>M-S. Ell 9fcfc, *«W©4MWH^— tfTW 

tt> DggftAlNiJ-^v-^ b50^lTCuh-b 
S/>^4 1 C^»>> b£ftTV>£ 0 1f:/v^>b5 0 lz 
B4«^tyF3 5 2, 3 5 3*V^-->^btfe 
D> *ft*ft<BU-tf*?»©P«IS2 3 3> 2 3 4M 

£ttdttfli 3 5 5 ffMSftx *»*ffl 3 5 6 lz X 5 > 
fc— b$/>»4 K3D^ffl^B^^ixfe^*«l3 5 7^ft 

[0 0 9 9] *»W6D«3t*^Sfc*V^TH:, £t\ «* 
7 8 0 nmCDW-tf*?* 2 4 0©tt»«ii^J5gSbT 
WiZ, «S 6 5 0 n m© l/-1f 2 4 1 OK 

*fc«*Ufc#«IW*«ftseftS**ii:tt 

$S7 8 0 nm©l/-1«frFSB<B##x #iS 
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[0 10 0] l^-tf^C^V^tts «CpS 

^#&£o 7 8 Onml/- If i: 6 5 Onml/- iffcS: 
JtiR-rafc* 7 8 0 nml/-^M J fSttI©/0 F=f 

6 5 OnmU-im, ^ y H«fc<ZVt> 

[0 10 1] fil±BiWb&«S*>&* «K7 8 0 nm® 
l/-tf&?ffl£$fcfcrj55*-r*£ 'kC £ *), pS^«ft© 

[0 10 2] *^co^ig^i£^t5V>T(i> 5fc 

«Cj«*-rS«*7 8 0 nmCDl/-1flSl^gJ5 2 4 0<Dp- 
^(7 tvv Fmsztt~r% K-t>y«SSr3 x 1 0 17 (cm 
- 3 ) ®Kfc:«l*Jt* S^fettWTftS. BuJfibfc^a^x 
7 8 0 nmV- If (C*5V^T (i> p^7yKi©«K6C 

*(B^ I/— 1f*?ff2 4 l<3Dfi£*^^UT*> I/— V 
m=PSH2 4 0Mnm*tiTp K-^> b#rSttJ8 2 2 4 

[0 10 3] £fz, *JMJfcJ:*l«^ U-lfJlt^ff 2 4 
JO 0,241 ^ ^rS/-v;i/JB©ff^(±R^if IrI b*: 
fe«6SHS^li-fx if^»>> h 5 O^CDSMfefiSft- 

[0 10 4] ^?>{c % *»WCJ:titf, !/-if^?S52 
4 0, 2 4 l\±£k\£**v7m£p®inM*fttZ><D 
#TC1t 7v» b 5 0£*x">> ^$nTV^S<D , T?j6ft*^tt 

LtztZZ, AlNif^v^V h 5 0ST*3 0"C/W 
T?ftt), #®<5D U -if IR? t ISJ^CD^ffiSi:^ $>Z>Z.t& 

40 [0 10 5] 122 0 (a) (b) fcfc, *%«B©*##U 
— If T \/ 4 <D%m$3: 7 8Onm0l/ -If S^OMm 

02 1 (a) (b) tt N *»W©*«W*l/-1frV>f(Z) 

mm.&§ 5 o nm©i/— if^^sscomM-^a^ffi 

&^A»S<ta^, 7 8 Onral/- if^^SU^, 6 5 On 
50 h^5^#«^4~5^mi:^SfT-fe^fco *fcx ^ffi 
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[ 0 1 0 6 ] El 2 2JkX$m 2 3 ii, *«5W©S4©R<*«I 
K*>*S«fittfi7 8 0nmi:6 5 0 nmtf) 2 hT— A 1/ 

9£^bfc£cDh|!gbT-ft&#7 8 0 nml/— Ifjfrp© 

^2^^^ Kjg2 1 6<Dmfr*%=f-m<m%.-r2> 0 z.o 10 

KJB©Ht* 2 1 8, 2 2 8t±#£Hfcff*£»tt$;lxT 
*J DUMBO;* h^YX^j5E©fcA6©ji^^>^DXB:^ 

[0107] 024it ^0^CO^e,iCS'J©M<*0 l J^7 
8 0nmTE^-h\ 6 5 0 nmTE^ — K N 6 5 0n 
mTM^ Y<D 3 If— A V— If CD^j&Sr^KrH 
gt'*Sc 7 8 OnmTE^Kl/- if*^SP2 6 1, 
6 5 0 nmTE^-KV-tffSt^ 6 2 £(3 9 hPtfUGD 
y^l/^o^iS^W^^o 6 5 OnmTMt-Kl/- 
■tf*? 2 6 3 li, rSttJf<2I nGaPlWFf{:§b 
36 1) * & # A t 3 - £ £ X o T *a 1" 6 - # T? £ 

[0 10 8] #fSW©*y f 4 X^ffiib^Bfc-^ 30 
^D^*BT?*S. #3MB£«fcftK* EUH28fcHb 
fcJB^S t«i«, DVDr^^hCDf 

[0 1 0 9] B2 5£09ijsb&3SBt±. DVD-ROM 

^^lEi^ax-ft *k DVDffl(Z)fg-^$!ia^h> cd 

[0 1 1 0] DVDifeliCD©*r>f^^^ K^-f 
^7^^1T, Hl^BI8t0lUTj|ujfib&V^*x** 

[0 111] x4**fciE&£ftW£{f*§0:, c<£># 
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[0 112] tfttHSftfcfi^tt, DVDf^^3(P^© 
X, **v£*U DVDffl©/S9«Hl*S&ttCDffl<0© 
[0 1 13] DVDJ8©©*^*fco^Tl&BB 

bt\ 8Mfe/*^ft^«U MPEG2®l»*©aH7 
;^UXAMt-f^ (AC-3X»MPEGfe 
£) (59«IS*T-5^*r^MPEG2 Mr**—?** 

mm^^Lxmmt, ntsc/palcx^-p 

DM»Siix if— tffc^tfn: h— ^i/ft^fA^ut 

[0 114] CDfflOfl^iCS^^ovxrittB^-r 
'J iHSTD/A3 t J: 5 7t n * 

CDif^n-K(±> CD-G (CD-Graphic) XP-b^if^ 

[0 115] DVDhCD7?lt iJ-—#*B:J*W<*ft, 

[0 116] £tU;£, mJLl£, DVDr>(X^ 

fcCD^**fcfcovvrsiW4fc*u susses 

?ttttntW>fili ft S ^ ttM HfiJKO Sfbfe £ c *f b 

[0 117] 

iz, ^nzntDm^^xvyjisffi^-Yftm, mm, 
[oii8] *«b^od**«:i/— tfri/^ttx m 

> > ^ ^©BW^SSTJfttt** ft* t: -T £ - ^ ^ 

So 

[0 119] tt^ 

^T©i^-tf* : ?SSt:ov>T--»©««*StRffl!*& 
[0 12 0] ^flSWC-tlxttftfi**^* 
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[0121] *mmz£tii£s *ti?tMDu—ir 

[0 1 2 2] InGaAlP 

[0 12 3] £fc, #^£<fcfttt, Wfcl/— tfTU 
5CDfcDVD©H*©«»t:»bTS«lffift*"ra© 

>fe^^^^ . *>;<^A©fc&©*^i'-ifTW£^ 

[0 12 4] #9m<D9bVy??y7*m2 6tc0S^b 
[0 12 5] #%Bfl£*titt, «8c©«S©3fc4 

[0 12 6] *6t:*#fl9fc:H: % #$8Wfc<fcfttt, #tr 

ifltifftr. 

[0 12 7] -r&to"6. ^Kfcifttt* t»*<tbt)3W 

CHiH©«*fc«ra] 

[Hi] *»ra©*tr^^7^r(o*^ftat*«^«i 

ESc0T-fc5o 

[0 2] #$&J3©#iS»3.-y h ©#**©***«*■ 

[03] *55?8©3tej6«^-v bt*5ttS3^©H5K*lft 
flat-&fc&©JS^0T*fc&o lh&ir*> x l*J0 (a) tt— 

H-C*!)x RIB (b) tt*l8BI!©**ll!JL=vbC*l* 

[04] (a) tt, gftfflPD 3 5<7)«B&¥B0T-;fc 
?K (b) tt, *P^A&?3 3©m»S 5 Pffl0T*$> 

o 
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[0 5] *»W©3fc*»^-v b©fi»*J5fc&0!l5vr*> 
[06] 7^7W F *y*>XDW> h0»J5^-r«B& 

[07] **fl8©«3©jw*«**-r«fca:Bi , eft*« 
[0 8] *«w©*4©a#wfta"r«^HT*s. *r 

&fc>t>, RIB (a) tt, *»W©***J.= ^b©B» 
^££4*10, |sJ0 (b) tt, *©^ffl#©ifcfc!&HSI2 

70 [09] *^©*#frl^-1f^b^©«»S»r®0T-fe 

[010] ^w©***^--^^^ ©»**flS*^ 
[011] *««!©*SW»l/— IfTV-f ©fBtsrttt* 

rfttexSttBETCfeS. 

[012] **5B8©*»»1/— tf^U>f ©HfilfriKS:* 

[013] *«w©*»»v— if^^^©»Jfi*a5*^ 
a? [014] #»w©*»**^--tfri/>f©iiJi^r»ft^ 

[015] 4^w©*»»u--ifTi/^©«ja*as** 

[016] *%W©*SW*:v--ifru>f ©»3fi*iS&^ 

[017] ^IH©^!/^ 7l/>f OBl^ftS^ 
■rflBB&xSKBEn? & £ o 

[018] *»ffi©*SWtl/— tf^U-f ©jRJS>5ffi*^ 
[019] *ftW<D*mi&l/-*f7U<<%Tr>>>hbrz 

[02 0] (a) (b) tt, tJi**i*JBW©*«*U 
— tfTW ©#fi«ft7 8 0 nm©b— IflR^fflJ©^ 

[02 1] (a) (b) tt, *n**i*»W©*»*^ 
~1fTW©&jfii£il6 5 0 nm<DU— -MfrfSB©*^ 

[02 2] *«W©»fl©Ri*«C3!P3^S*#(*:l/— Ifr 
l/>f©»fi«S7 8 0 ■nra©«SK-3fcffi#4*ttfcaaB>l 

[02 3] *«W©S«©*<*^J^*^*^^— ^ 
W©$SiB«fi6 5 0 nm©««S-*tB*«ftti:*lS^ 

[02 4] *«W©*fefc8'J©^i*«l©7 8 OnmTE 
6 5 0nmTE€-h\ 6 5 0 nmTMt- Y 

[02 5] *«W©D VD A© ^ 
[02 6] tfefc©DVD^;^A©ftt^^TV:7i: U 

50 n:«xsnrv^««©©Asinft*Aftfti > Knia a c» 
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[02 7] ffc*03fe£*a-!y h©»fflWa#lJ«ftat- 

[028] mm&ffifc&&mi(D2v-&i>— pri^r 

[02 9] BiJflDHJitSflS© 2 K-AV-lfTW ©WH 
[«F»©8Ma] 

1 1 , 1 0 1, 1 0 2 h 

DVDr^ ^ 
LD 

zftU A*? 

136 t*fflfflPD 
141 h- h^>^ 

> 3 >S« 1 1 ;ft^«JZ~ y h 

210 n-GaAs Sf£ 

211 n-GaAsM^7 tJBn 

212 n-Ino.5 (GaojAlo.?) o. 5P»— 
^ FJf 

2 13 I no. 5 (Gao. 5AI0. 5) 0. 53fc;*M KJ1 

2 14 $ft7 8 OnmGao. 9AI0. lAs/Gao. 65 
A 1 0. 3 5 A s ^M?#/3r£tt« 
2 15 I no. 5 (Gao. 5AI0. 5) 0. SMS*** HJB 
2 16 p-.Ino,5 (Gao. 3AI0. 7) 0. 



14, 10 4 

15, 10 5 

16, 10 6 

17, 107 

18, 10 8 

19, 10 9 
3 1, 13 5 
3 3 

3 5, 

4 1, 

5 0 

6 0 



2 1 7 
2 1 8 

v KB. 

2 1 9 

2 2 0 

2 2 1 

2 2 2 

2 2 3 
2 2 4 

(Gao. 
2 2 5 
2 2 6 
^ KB 
2 2 7 
2 2 8 

2 2 9 
2 3 0 



p- I no. 5Gao. 5P^^^*>^ h^XJ 
p-Ino.5 (Gao,3Alo,7) o.5P^H^^ 



P 
n 

n 

n 



I no, 5Gao. sP^y X 
Ga A sjf 
GaAsMy7rI 
I no. 5 (Gao. 3A lo. 7) 0. 5P 



I no. 5 (Gao.sAlo.5) 0, H< 
$t^6 5 0 nmCD Ino.sGao. 5P/I no. 5 
5AI0.5) 0.5P^afi?#PrSttH 
I no. 5 (Gao, 5AI0.5) 0.5^6^ KJi 
p-Ino.5 (GaojAloj) 0. 5P^— *7 

p - I no, sGao. 5P^^?*>^ h s>^JB 
p-Ino.5 (GaojAlo.7) 0. sP*BH*7 



p- I no. 5Gao. sP^r^^X 
S i 0 2VX^ 



J0 



20 



30 



40 



2 3 1 
2 3 2 
2 3 3 
234 
2 3 5 
2 3 6 
240 
2 4 1 
2 6 1 
2 6 2 
2 6 3 
2 6 4 
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n - G a A s ftSfcXo y 
p-GaAslfcMl 
7 8 0nml/-«?p 
6 5 0 nml/- 1f*?p 
nW&ilSfig 



»fi«ft7 8 0nmCDb-1f*?S8 
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